Abstract. We present Chandra and Spitzer data of the 186, extragalactic, hard 2-10 keV X-ray selected sources, which lie in the central part of the Chandra Deep Field South (CDFS). For the vast majority of sources (99.5%) there is a spectroscopic or photometric redshift available. We classify 17 sources as X-ray obscured QSOs, according to strictly X-ray criteria, i.e. defined as having large hydrogen column densities (NH > 10 22 cm −2 ) and luminosities (Lx > 10 44 erg s −1 ). The surface density of X-ray obscured QSOs is ∼210 deg −2 . We find 18 candidate Compton thick NH > 10 24 cm −2 sources, of which three have QSO luminosities (Lx > 10 44 erg s −1 ). The X-ray obscured QSO comprise a mixed bag of objects, covering the redshift range z = 1.3 − 4.3. Eight of these show narrow line optical spectra, two show no obscuration in their optical spectra presenting Broad Lines, while for the other seven there is only a photometric redshift available. About half of the X-ray obscured QSOs show high X-ray to optical flux ratios, X/O > 1, and red colours, I-3.6µm > 4. Combination of the X-ray with the mid-IR 8µm or 24µm flux can be used as an additional diagnostic to sift out the heavily obscured AGN. All X-ray selected QSOs present red mid-IR colours and can be easily separated among mid-IR sources, demonstrating that mid-IR selection provides a powerful tool for the detection of obscured QSOs.
Introduction
Deep Chandra surveys have resolved a substantial fraction of the X-ray background in the 2-10 keV band (Brandt & Hasinger 2005) . The vast majority of the detected sources in these fields are AGN, both unobscured (N H < 10 22 cm −2 ) and obscured (N H > 10 22 cm −2 ), with the latter dominating at faint fluxes. For example, at the source detection limit of the Chandra Deep Field South (CDF-S), f X (2 − 10 keV) ∼ 10 −16 erg s −1 cm −2 , about 80% of the sources have N H > 10 22 cm −2 (e.g. Alexander et al. 2003; Akylas et al. 2006) .
However, there is a clearly a scarcity of NL QSO. Steffen et al. (2003) find that the number of narrow line (NL) AGN decreases at bright luminosities and high redshift. Only a limited number of X-ray selected NL QSO (L X > 10 44 erg s −1 ) have been identified at high-z (e.g. Stern et al. 2002 , Norman et al. 2002 .
These NL QSOs could be rare just because of selection effects (e.g. Treister et al. 2004) . For example, restframe hard X-ray photons at high redshift can penetrate large obscuring columns but the observed optical emisSend offprint requests to: I. Georgantopoulos, e-mail: ig@astro.noa.gr sion, probing the rest-frame UV, will be easily diminished by a even small amount of dust. Such sources will therefore be optically faint hampering detailed analysis and may be overlooked in follow-up studies. These sources however, are expected to have high X-ray to optical flux ratio (log(f x /f o ) > 1 or X/O) or very red optical/near-IR colours. Fiore et al. (2003) indeed, find that a fraction of the high X/O sources in the HELLAS2XMM survey are associated with NL AGN in agreement with the above scenario. Similarly, Brusa et al. (2005) find that a significant fraction of obscured X-ray sources are associated with Extremely Red Objects, ERO, defined as having R − K > 5, again supporting that optical selection effects may play an important role.
Alternatively, the scarcity of NL QSOs may suggest that the AGN unification model does not hold well at high luminosities. It has been recently found that the fraction of X-ray obscured AGN decreases with increasing luminosity (Ueda et al. 2003) , La Franca et al. 2005 , Akylas et al. 2006 The physical interpretation could be that the highly luminous AGN blow away the obscuring screen or they photoionize the surrounding gas.
In order to test the two different interpretations above, it is important to constrain the surface density of X-ray obscured QSOs (defined here as X-ray luminous, obscured sources) and to determine their properties. For instance, do X-ray obscured QSOs have high X/O ratios? Can they be selected through their red (e.g. R-K) colours? Do they all have NL or a fraction presents BL optical spectra (e.g. Akylas et al. 2004) . Padovani et al. (2004) searched for X-ray obscured QSOs in the CDF-N and CDF-S surveys using a high luminosity and a hardness ratio criterion, finding a few tens candidate X-ray obscured QSOs. However, a number of the X-ray obscured QSO redshifts and luminosities come indirectly from the empirical X/O correlation with X-ray luminosity (Fiore et al. 2003 . Here, we attempt to study the properties of X-ray obscured QSOs in the hard X-ray selected (2-10 keV) CDF-S sample. A great advantage of this sample is that for the vast majority of the sources (except one out of 247) there is either a spectroscopic or a photometric redshift available. This means that optical selection effects have little impact on our study. Moreover, we determine the X-ray spectral properties of the sources using spectral fittings instead of the more crude and indirect method of hardness ratios, minimizing any uncertainties in the determination of the X-ray absorbing column density. Additionally, the wealth of data that has been recently accumulated in the CDFS region as part of the GOODS survey (e.g. Hubble ACS, Spitzer, Very Large Telescope photometry and spectroscopy) allows us to study in detail the properties of the X-ray obscured QSOs. We use throughout the paper H o = 75km s
The Data

X-ray data
The 1Ms CDFS data consist of 11 individual Chandra (Advanced CCD imaging Spectrometer) ACIS-I pointings with aim points separated by a few arcseconds. The aim point coordinates are α = 3 h 32 m 28 s .0, δ = −27
• 48 ′ 30 ′′ (J2000). More details are presented in Rosati et al. (2002) and Giacconi et al. (2002) . 247 sources are detected in the 2-10 keV band down to a flux limit of 1 × 10 −16 erg cm −2 s −1 (Γ = 1.4). As the roll angles of the individual pointings are different, a fraction of the sources at the edge of the field-of-view are detected only in a smaller number of pointings. We choose here to analyse only the sources which lie in all 11 pointings, in order to maximise the photon statistics. Essentially our source selection is such that the central field-of-view is covered. 188 sources are detected within all 11 pointings covering an area of ∼ 0.05deg 2 . Two sources are associated with stars (Szokoly et al. 2004) . Only one source has not been optically identified and thus there is no redshift (photometric or spectroscopic) available.
We use the PSEXTRACT script in the CIAO v3.2 software package to extract spectra. There are 30 sources Fig. 1 . The distribution of the rest-frame column density for all sources with more than approximately 500 counts. The data are grouped so that there are 20 counts per bin for these sources and thus χ 2 statistics can apply. For the other sources which have more limited photon statistics we use the C-statistic technique (Cash 1979 ) specifically developed to extract spectral information from data with low signal-to-noise ratio. We use the XSPEC v11.2 software package for the spectral fits. We fit the data using a powerlaw model absorbed by two cold absorbers: wa*wa*po in XSPEC notation. The first column is fixed to the Galactic (8 × 10 19 cm −2 ) while the second one is the observer's frame intrinsic column density. Then the rest-frame column density scales as (1 + z) 2.7 (e.g. Barger et al. 2003 ). In the case of the sources with limited photon statistics (< 500 counts), the power-law photon index has been fixed to Γ = 1.8. The intrinsic luminosities are estimated using a K-correction appropriate for the best value of Γ. The Xray spectral fits are presented in table 3. The distribution of the rest-frame column density is shown in Fig. 1 . All candidate Compton thick sources are plotted in the last N H bin.
Optical and mid-IR
Part of the CDFS has been observed with the Advanced Camera Surveys (ACS) onboard the Hubble Space Telescope as part of the GOODS survey (Giavalisco et al. 2004) . We use here the F775W filter data (roughly equivalent to the I band). We cross-correlate the X-ray sources with the ACS data using a radius of 3 arcsec. As the surface density of sources increases at faint magnitudes reaching ∼ 10 5 deg −2 0.5mag −1 at I=26, Kashikawa et al. 2004 , one has to be cautious about the possibility of chance coincidence in the faintest cases (e.g. CDFS-610). For the sources which do not have I-band photometry available, we quote R magnitudes from Giacconi et al. (2002) .
Part of the CDFS has been observed by the IR Spitzer mission (Werner et al. 2004 ). The Spitzer Infrared Array Camera, IRAC, (Fazio et al. 2004) 8µm and Multiband Imaging Photometer, MIPS, (Rieke et al. 2004 ) 24µm fluxes are are derived from the flux calibrated, background subtracted images provided in the Spitzer archive.
1 We cross-correlate the Spitzer with the Chandra sources again using a radius of 3 arcsec. 
Results
The X-ray obscured QSOs
cm
−2 ) and are thus classified as absorbed QSOs (or Xray obscured QSOs) purely on the basis of their X-ray spectrum and luminosity. However, at least one source (a BL QSO) is a borderline X-ray obscured QSO as its column density uncertainty is relatively large. Source CDFS-24, which has a BL optical spectrum, is consistent with N H = 0 cm −2 at the 90 % confidence level. We caution that a small error in the measured column density at the observer's frame (owing e.g. to a background fluctuation) may translate to an erroneously high column density at the high redshifts probed here (see Akylas et al. 2006 ). For example, as the rest-frame column density scales as (1+z) 2.7 , a column as low as ∼ 2.5×10 20 at the observer's frame will pass the 10 22 cm −2 rest-frame column threshold at a redshift of z=3. Hereafter, we exclude CDFS-24 from the X-ray obscured source sample. The resulting sample contains 17 sources. Eight of the 17 X-ray obscured QSOs present NL optical spectra while two sources are associated with BL AGN. For seven sources there are no spectra available. The redshift distribution is given in Fig. 2 . All sources apart from one lie at redshift z > 2.
We estimate the surface density of X-ray obscured QSOs by taking into account the area covered by the survey at a given flux. We estimate a surface density of 210deg
−2 down to a flux of f 2−10 ≈ 1.6 × 10 
Compton thick sources
The X-ray spectral fits for the X-ray obscured QSOs are presented in Fig. 6 . The X-ray spectral fits show that three sources apparently present very large amounts of rest-frame absorption (N H > 10 24 cm −2 ) and are thus candidate Compton thick sources. These are CDFS-600, 610 and 605 at redshifts 1.327, 2.04 and 4.29 respectively. We caution that the absorption model we use (WA in XSPEC) is only valid at column densities lower than 10 24 cm −2 where photoelectric absorption dominates the opacity. At higher column densities Compton scattering contributes significantly to the opacity. In these cases we have used the PLCABS model (Yaqoob 1997 ) which takes into account multiple Compton scattering and is valid for columns up to 5 × 10 24 cm −2 . For higher columns we cannot obtain an accurate enough estimate of the column but nevertheless we can be confident that the source is Compton thick. CDFS-600 is associated with a NL AGN while the other two sources have only a photometric redshift available. Another uncertainty in the determination of the column density comes from the photometric redshifts themselves. Rigby et al. (2005) point out that there might be an ambiguity on the photometric redshifts at least in the case of optically faint sources. They present Spitzer photometric observations of 20 optically faint sources in the CDFS. 3 of their sources coincide with X-ray obscured QSOs here: 27, 45 and 159. Rigby et al. (2005) derive photometric redshifts using the additional Spitzer bands. In the case of e.g. CDFS-159 they find a redshift discrepant with that of Zheng et al. (2004) by δz > 1. In the case of Compton thick sources a strong 6.4 keV FeK line (equivalent width ∼ 1 keV) is usually observed (Matt et al. 1996) . Unfortunately, the spectra of the three candidate Compton thick sources have limited statistics revealing no evidence for an Fe line. The 90% upper limits on the equivalent width of the 6.4 keV line are as high as several keV in all three cases.
In total we find 8 Compton thick AGN when we consider all X-ray luminosities . These Compton thick AGN are revealed directly through the detection of their absorption turnover . Such column densities cannot be detected at low redshift in the Chandra energy passband as the absorption turnover occurs at energies > 10 keV. At high redshift the k-correction shifts the absorption turnover at low energies. It is likely that these 8 AGN represent only a fraction of the Compton thick sources in our sample. Indeed, at lower redshifts or higher column densities the column density cannot be directly detected. Instead, the spectrum will appear flat. We have thus looked for cases where leaving the spectral index free, results in a very flat spectrum: Γ ∼ 1 or flatter with ∆C = 2.7. We find ten such cases, raising the total number of candidate Compton thick sources to 18 (see table 3).
X/O ratio and optical-IR colour
The optical (I or R) magnitudes and X-ray to optical flux ratios, X/O, are presented in table 1. Four X-ray obscured QSOs fall outside the ACS survey. For these we present R magnitudes instead from VLT/FORS. For CDFS-72 there is only a magnitude lower limit as this was not detected at the limit of the FORS observations (R = 26). The X/O is defined as the ratio of the 2-10 keV flux to optical (I band) flux:
In the case where we have only R magnitudes available the X/O ratio is estimated using the equation in Hornschemeier et al. (2003) . Three sources (CDFS-6, 72, 76) have not been covered by the Spitzer IRAC survey. Five sources have not been covered by MIPS 72, 76, 61, 54) . All X-ray obscured QSOs which lie within the IRAC field-of-view have been detected at 8µm. Instead only seven have been detected by MIPS at 24µm. Finally, the I-3.6µm colour is given in Table 1 . The 3.6 µm magnitude is estimated from the relation:
where the flux f 3.6 is in units of µJy. The X/O ratio as a function of the I-3.6µm colour is given in Fig. 3 . There is a strong correlation between the X/O and the I-3.6µm colour in the sense that the redder sources present high X/O. All the high X/O sources (X/O>1 or Extreme X/O sources EXO) have I-3.6µm > 4. This colour is roughly equivalent to an Extremely Red Object (ERO) defined as having R − K > 5. However, not all X-ray obscured QSOs are EXOs or EROs. Reversely, one of the X-ray unobscured QSOs is an EXO (CDFS-67). 
Mid-IR properties
Additional clues on the nature of the X-ray obscured QSOs can be provided by their mid-IR properties. The X-ray to mid-IR flux ratios provide a useful diagnostic for identifying obscured AGN. Unobscured AGN have ratios around unity (e.g. Lutz et al. 2004) . In Fig. 4 we present the absorbed X-ray flux against the IRAC 8µm (left panel) and 24µm (right panel) flux density for all X-ray sources. The solid lines (adapted from Alonso-Herrero et al. 2004) denote the region which is occupied by the hard X-ray selected AGN in the HEAO-1 sample of Piccinotti et al. (1982) . There are four X-ray obscured QSOs which lie below the AGN locus of points in the 24µm diagram. The same X-ray obscured QSOs have low X-ray fluxes relative to their 8µm flux densities. These are associated with a BL QSO (CDFS-62), and three NL QSOs (CDFS-202, CDFS-45, CDFS-31). These have less X-ray emission for their mid-IR flux density and thus they should be associated with the most heavily absorbed sources. Surprisingly, none of the candidate Compton thick sources are among these. The BL QSO CDFS-62 presents no evidence of reddening in the optical having I − 3.6 ≈ 1. In contrast, sources CDFS-45 and CDFS-31 have I − 3.6 > 4 being among the redder sources in our sample. CDFS-202 presents little reddening with I − 3.6 = 2.8. Norman et al. (2002) present in detail the properties of this NL QSO at a redshift of 3.7.
In the mid-IR, AGN present red, featureless spectra (Hao et al. 2005 ). Thus the mid-IR colours can provide a powerful tool to identify AGN (Lacy et al. 2004 , Stern et al. 2004 , Hatziminaoglou et al. 2005 . In Fig. 5 we plot the mid-IR colours of our sample. The solid lines denote the "red" region empirically defined by Lacy et al. (2004) 
Discussion
We have derived the X-ray spectral properties for all 186 hard extragalactic (2-10 keV) X-ray selected sources within the central field-of-view of the CDF-S. We define X-ray obscured QSOs, strictly using X-ray criteria and regardless of their optical spectrum, as those having high unobscured luminosities L x > 10 44 erg s −1 and high obscuration column density N H > 10 22 cm −2 . We find 17 X-ray obscured QSOs among the 186 sources. The ratio of X-ray unobscured to X-ray obscured QSOs (L x > 10 44 erg s −1 ) is 3.4±1.7. This consistent with the ratio at lower luminosities (L x < 10 44 erg s −1 ) which is R ≈ 2.5±0.5. At first this comes at odds with recent findings which show that the fraction of obscured AGN decreases significantly at high luminosities: Ueda et al. (2003) , La Franca et al. (2005) , Akylas et al. (2006) find ratios, R, well below unity, at high luminosities. This apparent discrepancy could be attributed to the fact that we are using a pencil beam flux limited survey and thus we cannot probe large enough volumes to detect a high number of luminous unobscured The optical spectra of the X-ray obscured QSOs show that these comprise a mixed bag of objects. Eight sources present NL spectra, two are associated with BL AGN while for seven more there are no spectra available. The BL source CDFS-062 presents a high column, 2 × 10 23 cm −2 . This column should correspond to A V ∼ 100 us- . Power-law fits and χ 2 residuals to the spectra of the X-ray obscured QSOs Optical ACS I magnitude; (a) denotes R magnitude instead 5 I-3.6 colour; (a) denotes R-K colour instead 6 logarithm of 2-10 keV intrinsic luminosity (erg s −1 ) 7 Spitzer IRAC 8 µm flux density (µJy) 8 Spitzer MIPS 24 µm flux density (µJy) 9 absorbed 2-10 keV X-ray flux erg cm −2 s −1 as derived from the spectral fits 10 logarithm of X-ray to optical flux ratio 11 Optical Spectroscopic classification: narrow line (NL), broad line (BL) † Border-Line X-ray Obscured QSO, consistent with NH < 10 22 cm −2 at the 90% confidence level * Compton thick sources; column densities have been derived using the plcabs model ing the Galactic dust-to-gas ratio (Bohlin et al. 1978) or equivalently to A
2000Å
∼ 300 mags in the UV (Richards et al. 2003) . In actuality CDF-062 has a broad CIII] emission line implying that the reddening must be negligible. Such peculiar BL AGN with high X-ray obscuration but little optical reddening have often been reported in the literature (e.g. Elvis et al. 1998 , Maiolino et al. 2001 , Georgantopoulos et al. 2003 , Perola et al. 2004 , Akylas et al. 2004 . It is possible that some of the absorption may be intervening. The most prominent and well studied case of BL QSOs with large amounts of X-ray absorption are the Broad Absorption Line (BAL) QSOs. Although the X-ray spectra of BAL are usually absorbed by X-ray column densities of 10 23 cm −2 (eg Gallagher et al. 2001 ) they present only a little amount of optical reddening (Brotherton et al. 2001) . The optical spectrum of CDF-062 presents prominent, blueshifted absorption lines of CIV and SiIV with a FWHM of about 5.000 km s −1 . The absorption line widths are clearly less than those typical for BAL QSOs. This suggests that a fraction of the X-ray absorbed BL QSOs may be associated with a population of such "mini-BAL" QSOs. CDFS-24 and 68 also present evidene for blueshifted absorption lines.
A large fraction of our X-ray obscured QSOs have high X/O ratios. Fiore et al. (2003) postulate that this is because at high redshift the nuclear emission is obliterated by dust. The same high X/O sources present very red colours having I-3.6µm > 4 and can be classified as EROs. Indeed it has been shown that X-ray detected EROs have high X/O ratios (Lehmann et al. 2001 , Alexander et al. 2001 , Brusa et al. 2005 . It is likely that these EROs have red colours because they are associated with elliptical galaxies at high redshift. The high X/O ratios can be explained as, on one hand the optical nuclear light is attenuated, while on the other hand the X-ray emission emerges relatively unscathed. Despite the fact that there is a very strong correlation between the X/O ratio and the I-3.6 colour there are some EROs which have X/O ratios characteristic of normal AGN, X/O∼ 0, (see also Koekomoer et al. 2004) . It is important to stress that not all X-ray obscured QSOs are red or high X/O sources. For example the X-ray obscured QSO CDFS-202 (Norman et al. 2002) has bluish colours with I-3.6=2.8, or R-K=2.5. Norman et al. (2002) assert that the blue colour is because of a strong emission line in the R filter. Nevertheless, the I-3.6 colour of CDFS-202 is blue as well. Optical ACS I magnitude; (a) denotes R magnitude instead 5 I-3.6 colour; (a) denotes R-K colour instead 6 logarithm of 2-10 keV intrinsic luminosity (erg s −1 ) 7 Spitzer IRAC 8 µm flux density (µJy) 8 Spitzer MIPS 24 µm flux density (µJy) 9 logarithm of absorbed 2-10 keV X-ray flux erg cm −2 s −1 as derived from the spectral fits 10 logarithm of X-ray to optical flux ratio 11 Optical Spectroscopic classification: narrow line (NL), broad line (BL) All X-ray obscured QSOs which have been observed by IRAC, have been detected at 8µm. In contrast, less than half have been detected at 24µm. The X-ray to mid-IR diagram can provide additional information on which sources have large intrinsic columns: an absorbed source should have a low ratio of absorbed to mid-IR flux provided that the latter is an isotropic indicator of the nuclear emission. Only four sources appear to be absorbed according to the above criterion. Then, by comparison, the X/O ratio or the I-3.6 colour provide a rather more efficient diagnostic for separating X-ray obscured AGN. This may be attributed to the high redshifts of our sources. It is argued by Fadda et al. (2002) that at high redshift, the X-ray to mid-IR flux may increase rapidly, as the IR flux corresponds to shorter wavelengths while the X-ray flux is less affected by photoelectric absorption. Nevertheless, the X-ray to mid-IR flux ratio may provide a tool complementary to the X/O ratio and I-3.6 colour. Indeed, among the four sources with low X-ray to mid-IR ratio, CDFS-62 and CDF-202 have neither red colour nor a high X/O ratio. Lacy et al. (2004) have demonstrated that the mid-IR colours can be efficiently used to separate AGN from normal galaxies. In particular Lacy et al. argue that the AGN have relatively red mid-IR colours (5.8-3.6 against 8.0-4.5 µm) compared with normal galaxies. Barmby et al. (2006) argue that the X-ray selected AGN in the Extended Groth Strip Survey (EGS) occupy both blue and red mid-IR colours and hence such colours cannot be used efficiently to separate them from normal galaxies. In our case we find that the mid-IR diagnostics used by Lacy et al. The X-ray spectral fits show that three of the X-ray obscured QSOs are Compton thick sources. Two of the Compton thick sources present high X/O and red colour. The number of Compton thick sources amounts to 18 (or about 10 % of all sources ) if we consider all X-ray luminosities. This figure is roughly consistent with the predictions of Comastri et al. (2001) for the number of Compton thick sources at these flux levels (about 7% at 5 × 10 −16 erg cm −2 s −1 ). The predictions of Comastri et al. (2001) are based on the distribution of the column densities observed in the local Universe by Risaliti et al. (1999) . Our work increases substantially the number of known Compton thick sources at high redshifts. Other examples of Compton thick sources at high redshift include the four sources at z > 2 from the sub-mm selected sample of Alexander et al. (2005) and the NL QSO at z=3.288 from the Lynx field (Stern et al. 2002) . Moreover, two additional NL QSOs in the CDFS have been reported as Compton thick: CDFS-202 (Norman et al. 2002) and CDFS-263 (Mainieri et al. 2005) . Our spectral fits place these sources marginally outside the N H > 10 24 cm −2 regime. Nevertheless, these are still consistent with being Compton thick given the spectral fit uncertainties. Moreover, the adopted slope of the photon index affects significantly the derived N H . Polletta et al. (2006) report the discovery of two Compton thick QSOs at redshifts z=2.54 and 2.43 in the Chandra/SWIRE survey in the Lockman Hole.
Just before the submission of this paper, Tozzi et al. (2006) 
Conclusions
We have explored the X-ray optical and mid-IR properties of X-ray obscured QSOs on the CDFS. We classify X-ray obscured QSOs on the basis of purely X-ray criteria i.e. high luminosity L x > 10 44 erg s −1 combined with high hydrogen column density N H > 10 22 cm −2 . We are selecting X-ray obscured through the 186 hard extragalactic X-ray sources which lie in the central FOV of the CDFS. We have derived proper X-ray spectra (instead of hardness ratios) for all our sources. Photometric or spectroscopic redshifts exist for the vast majority of the sources (185 out of 186) ascertaining that optical selection biases are of no importance in our study. We find 17 X-ray obscured QSOs spanning the redshift range 1.3-4.2. Our main results can be summarised as follows:
1. The surface density of X-ray obscured QSOs is 210 deg −2 at f 2−10 ∼ 10 −15 erg cm −2 s −1 . 2. Our X-ray obscured QSO sample comprises of sources with both NL and BL spectra. The BL source with the highest absorption (10 23 cm −2 ) is a mini-BAL. 3. Three out of 17 X-ray obscured QSOs present very high column densities (> 10 24 cm −2 ) and are classified as Compton thick QSOs. When we consider all luminosities, we classify 18 sources as candidate Compton thick AGN, based on the detection of either high column densities or flat X-ray spectra.
4. About half of our X-ray obscured QSOs present a very high X-ray to optical flux ratio, X/O>1. These present very red colours (I-3.6 µm) and most can be classified as EROs.
5. The X-ray to mid-IR flux ratio can provide a complementary tool to select heavily obscured sources. Four out of 17 X-ray obscured QSOs appear to have a low Xray to mid-IR flux ratio; only two of these four sources have either a red colour or a high X/O ratio.
6. Practically all 17 QSOs have red mid-IR colours and can be very easily separated from the normal galaxies detected in mid-IR as pointed out by Lacy et al. (2004) . This suggests that the mid-IR selection provides a powerful tool to detect obscured QSOs at high redshift. 
